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(57) Abstract: A single fibre passive optical network (PON) wavelength division multiplex (WDM) overlay includes a central office 
(16), a fibre optic network (18-23), and a plurality of optical network termination (ONT) units (12, 14). The central office (16) 
has a baseline optical link that receives a baseline communication signal and converts the baseline communication signal into a 
downstream baseline optical signal within a first optical bandwidth, and has an additional optical link that receives a second type 
of communication signal and converts the second type of communication signal into a second downstream optical signal within 
a second optical bandwidth. The downstream baseline optical signal generated by the baseline optical link is combined with the 
second optical signal generated by the additional optical link to generate a broadband optical signal. The fibre optic network (18-23) 
is coupled to the central office and receives the broadband optical signal on at least one optic fibre. The fibre optic network splits the 
broadband optical signal to a plurality of fibre drops. The optica] network termination (ONT) units arc each coupled to a fibre drop. 
At least one of the ONT units is a baseline ONT unit (12) that receives the broadband optical signal form the fibre drop and splits the 
downstream baseline optical signal from the broadband optical signal, and at least one other of the ONT units (14) is an upgraded 
ONT unit that receives the broadband optical signal from the fibre drop and splits the downstream baseline optical signal and the 
signal and the second downstream optical signals from the broadband optical signal. In addition, the installation of the upgraded 
ONT unit to the PON does not effect baseline optical service to any other ONT unit 
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UPGRADING OF PASSIVE OPTICAL NETWORK 

The present invention relates to upgrading of passive optical network and more especially 
to upgrading a baseline singje fibre passive optical network on a subscriber by subscriber 
basis with a multiplicity of different optical communication links operating at different 
optical wavelengths from the baseline link. 

5 

Prior to the explosive growth in demand for data services, such as dial-up Internet access, 
the local loop access network transported mostly voice information. This incumbent access 
network typically includes numerous twisted-pair wire connections between a plurality of 
user locations and a central office switch (or terminal). These connections can be 
10 multiplexed in order to more efficiendy transport voice traffic to and from the central 
office. The present access network for the local loop is designed primarily to carry these 
voice traffic, it is a voice-oriented network. 

Today, data traffic carried across telephone networks is growing exponentially, and in some 
15 instances has already surpassed voice traffic, this being due mainly to the explosive growth 
of dial-up data connections. A basic problem in transporting data traffic over a voice- 
oriented network, and more especially transport are the local loop access part of the 
network, is that it is optimised for voice traffic, not data. Jn particular the access network 
limits the ability to receive and transmit high-speed data signals along with traditional voice 
20 traffic. Simply put, the access part of the network is not well matched to the type of 
information that it is now increasing having to transport. As users demand even higher data 
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transmission capabilities, the inefficiencies of the present access network will cause user 
demand to shift to other mediums of transport for fulfilment, such as satellite transmission, 
cable distribution, wireless services, etc. 

5 An alternative local access network that is cunently available in some areas is a digital loop 
carrier (*T)LC') systenL DLC systems utilize optic-optic distribution links and remote 
multiplexing devices to deliver voice and data traffic to and fi-om local users. An early DLC 
system is described in United States Patent No. 5,046,067 titled "Digital Transmission 
System" ("the '067 patent"). The '067 patent describes a Digital Loop Carrier (DLC) 

10 system. In a typical DLC system, a fibre optic cable is routed from the central office 
terminal (COT) to a host digital terminal (HDT) located within a particular neighbourhood. 
Telephone lines fi-bm subscriber homes are routed to circuitry within the HDT, where the 
telephone voice signals are converted into digital pulse-code modulated (PCM) signals, 
multiplexed together using a time-slot interchanger (TSI), converted into an equivalent 

15 optical signal, and then routed over the fibre optic cable to the central office. Likewise, 
telephony signals from the central office are multiplexed together, converted into an optical 
signal for transport over tiie fibre to the HDT, converted into corresponding electrical 
signals at the HDT, de-multiplexed and routed to the appropriate subscriber telephone line 
twisted-pair connection. 

20 

Some DLC systems have been expanded to provide so-called Curb-to-the-Cuib (FTTC) 
systems. In these systems, the fibre optic cable is pushed deeper into the access network by 
routing fibre from the HDT to a plurality of Optical Network Units (ONUs) that are 
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typically located within 500 feet of a subscriber's location. Multi-media voice, data, and 
even video from the central oflBce location is transmitted to the HDT. From the HDT, tfiese 
signals are transported over the fibres to the ONUs, where complex circuitry inside the 
ONUs de-multiplexes die data stteams and routes the voice, data and video information to 
5 die appropriate subscriber. 

According to the present invention, there is provided a system for upgrading a baseline 
passive optical network (PON), comprising: a central office having a baseline optical link 
that receives a baseline communication signal from one or more service provider and 

10 converts the baseline communication signal into a downstream baseline optical signal 
within a first optical bandwidth, and having an additional optical link that receives a second 
type of conmiunication signal and converts the second type of communication signal into a 
second downstream optical signal within a second optical bandwidth, wherein the 
downstream baseline optical signal is combined with the second downstream optical signal 

IS to generate a broadband optical signal; a fibre optic network coupled to the central office 
that receives the broadband optical signal on at least one optic fibre and splits the 
broadband optical signal to a plurality of fibre drops; and a plurality of optical network 
termination (ONT) units with each ONT unit coupled to a fibre drop, wherein at least one 
of the ONT units is a baseline ONT unit that receives the broadband optical signal from the 

20 fibre drop and splits the downstream baseline optical signal firom the broadband optical 
signal, and wherein at least one other of the ONT units is an upgraded ONT unit that 
receives the broadband optical signal firom the fibre drop and splits the downstream 
baseline optical signal and the second downstream optical signal from the broadband 
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Optical signal; wherein the installation of the upgraded ONT unit to the PON does not effect 
baseline optical service to any other ONT unit. 

Preferably, the central office includes a wavelength division multiplexed (WDM) tiiat 
5 combines the downstream baseline optical signal with ttie second downstream optical 
signal. 

Preferably, the baseline optical link is a baseline optical line termination (OLT) unit 

10 The baseline communication signal preferably includes a telephony signal and/or a data 
transmission signal. 

The second type of conmiunication signal is preferably a sub-carrier modulated (SCM) 
signal. In such a system, the SCM signal can include a community antenna television 
15 (CATV) signal and/or a direct broadcast satellite (DBS) signal. 

Preferably, the additional optical link is an optical video distribution sub-system. 

Advantageously, the upgraded ONT unit is a sub-carrier modulated (SCM) upgraded ONT 
20 unit that includes an SCM optical filt^ that splits flie second downstream optical signal 
from the broadband optical signal and passes a filtered optical signal and also includes a 
baseline optical filter that splits the downstream baseline optical signal from the filtered 
optical signal. Preferably, the optical video distribution sub-system comprises an SCM 
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module that receives the SCM signal from one or more service providers and converts the 
SCM signal into fee second downstream optical signal. 

In one arrangement, the second downstream optical signal is a T-Band signal. Preferably, 
5 fee upgraded ONT unit is a T-Band upgraded ONT unit feat includes a wave division 

multiplexed (WDM) feat separates fee T-Band signal from fee broadband optical signal. 

Advantageously, fee additional optical link is a course wavelengfe division multiplexing 

(CWDM) optical line teraiination (OLT) unit. In such an arrangement, fee upgraded ONT 

unit is a T-Band upgraded ONT unit feat includes a wave division multiplexed (WDM) feat 
10 separates fee T-Band signal from fee broadband optical signal, and wherein fee T-Band 

upgraded ONT unit includes a CWDM ONT unit feat receives fee T-Band signal from fee 

WDM and de-multiplexes fee T-Band signal. 

In a second arrangement, fee second downstream optical signal is an L-Band signal. 

15 Preferably, fee upgraded ONT unit is an L-Band upgraded ONT unit feat includes a wave 
division multiplexed (WDM) feat separates fee L-Band signal from fee broadband optical 
signal. Advantageously, fee additional optical link is a dense wavelengfe division 
multiplexing (DWDM) optical line tamination (OLT) unit. Preferably in such an 
arrangement, fee upgraded ONT unit is an L-Band upgraded ONT unit feat mcludes a wave 

20 division multiplexed (WDM) feat separates fee L-Band signal from fee broadband optical 
signal, and wherein fee L-Band upgraded ONT unit includes a DWDM ONT unit feat 
receives fee L-Band signal from fee WDM and de-multiplexes fee L-Band signal. 
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Advantageously, the fibre optic network is a point-to-multipoint network. 

Pref^bly, the central office includes a cross-connection unit that couples the broadband 
optical signal to the fibre optic network and preferably the cross-connection rniit includes a 
5 wavelengtii division multiplexed (WDM) that combines the downstream baselme optical 
signal with the second downstream optical signal. 

Advantageously, the fibre optic network includes at least two optic paths between the 
central office each ONT unit, and wherein the cross-connection unit includes an optical 
10 route protection switch that switchably connects the broadband optical signal to one of the 
optic paths. Preferably, the central office includes a route protection control chcuit that 
monitors the continuity of the optic paths in the fibre optic network and causes the optical 
route protection switch to switch the broadband optical signal from a first optic path to a 
second optic path if a discontinuity is detected in the first optic path. 

15 

Preferably, the ONT units receive an upstream baseline signal and convert the upstream 
baseline signal into an upstream baseline optical signal, wherein the upstream baseline 
optical signal is transmitted to the central office through the fibre optic network and is 
received by the baseline optical link. , 

20 

In such an arrangement, the baseline optical link is advantageously a baseline optical line 
termination (OLT) unit that includes a baseline optical filter that splits the upstream 
baseline optical signal and passes the downstream baseline optical signal. 
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Furthermore, the ONT units preferably include a baseline optical filter that splits the 
downstream baseline optical signal and passes the upstream baseline optical signal. 

Advantageously, the upstream baseline optical signal is within a third optic bandwidth, and 
5 wherein the upstream baseline optical signal, the downstream baseline optical signal and 
the second downstream optical signal are transmitted through the fibre optic network on a 
single optic fibre. 

Preferably, the upgraded ONT unit receives a second upstream signal and converts the 
10 second upstream signal into a second upstream optical signal, wherein the second upstream 
optical signal is transmitted to the central office through the fibre optic network and is 
received by the additional optical link. 

In a third arrangement, the upgraded ONT includes a course wavelength division 
15 multiplexing (CWDM) ONT unit, and wherein the CWDM ONT unit generates an 
upstream T-Band optical signal that is transmitted to the central office through the fibre 
optic network and is received by the additional optical link. Preferably, the upgraded ONT 
unit also includes a baseline ONT unit and a wavelength division multiplexed (WDM), 
wherein the baseline ONT unit generates an upstream baseline optical signal that is 
20 combined with the upstream T-Band optical signal by tiie WDM to generate a broadband 
upstream signal that is transmitted to the central office through the fibre optic network and 
is de-multiplexed at the central office by an additional WDM. 
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Preferably, the upgraded ONT includes a dense wavelength division multiplexing 
(DWDM) ONT unit, and wherein tiie DWDM ONT unit generates an upstream L-Band 
optical signal that is transmitted to the central office through the fibre optic network and is 
received by the additional optical link. In such an arrangement, tiie upgraded ONT unit 
5 preferably also includes a baseline ONT unit and a wavelength division multiplexed 
(WDM), wherein the baseUne ONT unit generates an upstream baseline optical signal that 
is combined with the upstream L-Band optical signal by the WDM to generate a broadband 
upstream signal diat is transmitted to the central office through the fibre optic network and 
is de-multiplexed at the central office by an additional WDM. 

10 

According to a second aspect of the invention, there is provided a baseline passive optical 
network (PON), comprising the steps of: providing a baseline optical Unk in a central office 
that receives downstream baseline communication signals from one or more service 
provider and converts the downstream baseline conamunication signals into a downstream 

15 baseline optical signal; installing an additional optical link in the central office that recdves 
an additional type of communication signals from one or more s^ce provider and 
converts the additional type of communication signals into an additional downstream 
optical signal; multiplexing the downstream baseline optical signal and the additional 
downstream optical signal to generate a broadband optical signal; transmitting the 

20 broadband optical signal over a fibre optic network; providing a baseline optical network 
termination (ONT) unit at a location in the PON; receiving die broadband optical signal 
fi-om the fibre optic network witii the baseUne ONT unit and splitting the downstream 
baseline optical signal from the broadband optical signal; installing an upgraded ONT unit 
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at a location in the PON; and receiving the broadband optical signal from the fibre optic 
network with the upgraded ONT unit and splitting the additional downstream optical signal 
and the downstream baseline optical signal from the broadband optical signal. 

5 In order that the present invention can be better understood, embodiment in accordance 
with the mvention will now be described by way of example only with reference to tiie 
accompanying drawings in which: 

Fig. 1 is a block diagram of a single fibre passive optical network wavelength division 
10 multiplex overlay that includes an enhanced band broadcast sub-carrier modulated (SCM) 
signal upgrade in accordance with the invention; 

Fig. 2 is a graph illustrating bandwidths for the conomunication signals transmitted over the 
single fibre passive optical network shown in Fig. 1 ; 

15 

Fig. 3 is a block diagram of a single fibre passive optical network wavelengtii division 
multiplex overlay that includes a course wavelength division multiplexing (CWDM) T- 
Band upgrade in accordance with the invention; 



20 



Fig. 4 is a graph illustrating bandwidths for the communication signals transmitted over the 
single fibre passive optical network shown in Fig. 3; 
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Fig. 5 is a block diagram of a single fibre passive optical network wavelength division 
multiplex ov^y that includes a dense wavdengfli division multiplexing (DWDM) L- 
Band upgrade; in accordance with the invention and 

5 Fig. 6 is a graph iUustrating bandwidths for die communication signals transmitted over the 
single fibre passive optical network shown in Fig. 5. 

Referring now to the drawing figures, Fig. 1 is a block diagram of a single fibre passive 
optical network wavelength division multiplex overlay 10 that includes an enhanced band 

10 broadcast sub-carrier modulated (SCM) signal upgrade. The system 10 includes a plurality 
of baseline optical network termination (ONT) units 12. at least one sub-carrier modulated 
(SCM) upgraded ONT unit 14, a fibre optic network 18-23, and a central office 16. The 
system 10 is preferably a passive optical network, such as a fibre to the home (FTTH) or 
fibre to die curb (FTTC). or fibre to the business (FTTB), that may be upgraded to include a 

15 SCM signal, such as a CATV television signal or a DBS signal, on a subscriber by 
subscriber basis without affecting non-upgraded subscribers. 

Multimedia communication signals, such as plain-old-telephone signals (POTS), data 
network signals, CATV signals and DBS signals, are received fix)m various service 
20 providers at the central office (CO) 16. The central office (CO) 16 converts the multimedia 
signals into optical signals at different wavelengths and multiplexes tiie various optical 
multimedia signals onto single fibres in die fibre optic network 18-23. The fibre optic 
netWOTk 18-23 distributes die optical signals to optical network termination (ONT) units 12, 
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14, which filter or de-multiplex the optical signals into tiieir individual multimedia 
components, and convert the filtered optical signals into electrical signals for use in the 
home or office. An upgraded SCM ONT unit 14 may filter a received optical signal into its 
baseline (telephony/data) and SCM components, and a non-upgraded baseUne ONT unit 12 

5 may filter a received optical signal into a baseline signal without being affected by tiie 
SCM component of the received signal. In addition, in a bi-directional system, both tiie 
non-upgraded baselme ONT units 12 and the upgraded SCM ONT units 14 may convert 
baseline transmissions from the home (i.e., upstream telephony/data signals) into optical 
signals at a different optical wavelength than the incoming (i.e., downstream) signals and 

10 transmit tiie signals over the fibre optic network 1 8-23 to die CO 16. 

The fibre optic network 18-23 shown in Fig. 1 is a point-to-multipoint single fibre network 
that includes an outside plant 20, 21, a plurality of passive remote splitters 23, and a 
plurality of distribution splitters 18. The outside plant 20, 21 includes individual optic 

15 fibres or bundles of individual optical fibres with each individual fibre coupled between a 
route protection switch 46 in tiie central office 16 and a passive remote splitter 23. The . 
illustrated embodiment includes two optic paths, a main patii 20 and a redundant path 21, 
between tiie central office 16 and die passive remote splitters 23. Each route protection 
switch 46 in the central office 16 is, therefore, coupled to one passive remote splitter 23 via 

20 two individual optic fibres - one main fibre and one redundant fibre. 

Each individual fibre and its redundant pair in the illustrated outside plant 20, 21 may 
provide service to tiiirty-two (32) homes. Ihe passive remote splitters 23 are ei^t-to-two 
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(8:2) splitters that divide the main and redundant fibres 20, 21 into eight distribution fibres. 
The optical signals are transmitted for short distances over the distribution fibres, without 
amplification, before termination at a four-to-one (4:1) distribution splitter 18 located in 
close proximity to four ONT units. A distribution spUtter 18 terminates a distribution fibre 
5 to four sin^e drop fibres 19 that extend fi-om the distribution splitter 18 to a home or office 
and terminate at an ONT unit 12, 14. The distribution splitters 18, the fibre drops 19, and 
the ONT units 12, 14 are added to the system 10 as swrice is required. 

The central office 16 shown in Fig. 1 includes a passive cross-connection unit 22, an optical 
10 video distribution sub-system 25, two baselme optical line termination (OLT) units 24, and 
a route protection control circuit 52. In operation, the central office 16 interfaces the fibre 
optic network 18-23 with communication service providers, such as CATV, DBS, and 
telephony/data services. 

15 The baseline OLT units 24 each include a baseline sphtting-blocking filter combination 56, 
a downstream (DS) optical-electrical converter (DEC) 58, and an upstream optical- 
electrical converter 60. The downstream OEC 58 receives telephony/data signals from 
POT and data network service providers, for example over a public telephone network, and 
converts the telephony/data signals into optical signals at a selected optical bandwidth for 

20 transmission to the ONT units 12, 14. Each baseline OLT unit 24 may provide optical 
telephony/data signals, without amplification, to a set number of ONT units 12, 14. For 
example, in the illustrated embodiment, each baseline OLT unit 24 can supply thirty-two 
(32) ONT units 12, 14. If more than thirty-two (32) ONT units 12, 14 require baseUne 



wo 03/010904 



PCT/IB02/03394 



13 

service, then additional baseline OLT units 24 must be added at the CO 16. Tht illustrated 
CO 16 includes two baseline OLT units 24, and can thus supply sixty-four (64) ONT units 
12, 14, without amplification. 

5 The baseline splitting-blocMng filter combination 56 in an OLT unit 24 receives an optical 
downstream signal from the downstream OEC 58 and also receives an upstream signal 
from the fibre optic network 18-23 via a fibre connection 62 with the passive cross- 
connection unit 22. The baseline splitting-blocking filter combination 56 passes tiie 
downstream telephony/data signals to tiie fibre connection 62 with the passive cross- 

10 connection unit 22, and splits the upstream (US) telephony/data signal received from the 
passive cross-connection unit 22. The isolated upstream (US) telephony/data signals are 
converted into electrical signals by the upstream OEC 60, and are transmitted to the service 
provider. In a bi-directional system, flie upstream (US) telephony/data signals are 
transmitted at a different bandwidtii and on tiie same optic fibre as the downstream (DS) 

15 telephony/data signals. Exemplary optical bandwidths for die upstream and downstream 
telephony/data signals are described below wifli reference to Fig. 2. 

The optical video distribution sub-system 25 includes an SCM module 26, a high power 
optical amplifier 28, and an optical splitter 30. TTie SCM module 26 receives video signals, 
20 such as CATV or DBS signals, that enter the CO 16 from the service provider head-end 
and/or satellite. The SCM module 26 combines the video signals from the service 
providers into one optical signal at a selected bandwidth. An exemplary optical bandwidth 
for tfie SCM signal is described below with reference to Fig. 2. The optical SCM signal 
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from the SCM module 26 is then amplified by the high power optical amplifier 28. and split 
into a plurality of optical SCM transmission signals by the optical splitter 30. 

The passive cross-connection unit 22 includes a plurality of wave division multiplexers 
5 (WDMs) 54 and a plurality of optical route protection switches 46. The WDMs 54 each 
include two inputs - one input coupled to an optical SCM signal generated by the optical 
video distribution sub-system 25, and one input coupled to the optical output 62 from a 
baseline OLT unit 24. The WDMs 54 combine the downstream telephony/data signal from 
tiie baseline OLT unit 24 and the SCM signal from the optical video distribution sub- 
10 system 24 into one broadband optical signal. 

The broadband optical signals generated by the WDMs 54 are coupled to die fibre optic 
network 18-23 through the optical route protection switches 46. Each optical route 
protection switch 46 includes an input that receives a broadband optical signal from a 

15 WDM 54, a control input from the route protection control circuit 52, and two optical fibre 
outputs 48, 50. The two optical fibre outputs 48. 50 from an optical route protection switch 
46 are coupled to a passive remote splitter 23 through separate paths in the outside plant 20, 
21. The route protection control circuit 52 monitors the optical continuity of the outside 
plant 20, 21, and routes the broadband optical signal tiirough either the main or redundant 

20 patii 20, 21 to adjust for any discontinuity. For example, the optical route protection 
switches 46 may be configured to connect the broadband optical signals to the main path 
48, 20 during normal operation. If the route protection control circuit 52 detects a 
discontinuity in the main path 20, then the route protection control circuit 52 may cause one 
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or more of the optical route protection switches 46 to switch the broadband optical signals 
from one or mote individual optic fibres in the main path 20 to the corresponding redundant 
fibres in die redundant path 50, 23 in ordo: to prevent intaruptions in service. 

5 Two types of optical network termination (ONT) units are illustrated in Rg. 1: a SCM 
upgraded ONT unit 14, and a non-upgraded baseline ONT unit 12. Both the SCM 
upgraded ONT units 14 and the non-upgraded baseline ONT units 12 may be used to 
transmit and receive baseline telephony/data signals via the fibre optic network 18-23. The 
SCM upgraded ONT units 12, however, may also receive broadcast video signals, such as 

10 CATV or DBS signals, over the same optic fibre without affecting baseline service to the 
non-upgraded ONT units 12. 

A baseline ONT unit 12 includes a baseline splitting-blocking filter combination 32, a 
downstream (DS) optical-electrical converter (OEC) 36, and an upstream optical-electrical 
15 converter (OEC) 34. The baseline spUttmg-blocking filter combination 32 receives a 
broadband optical signal 32 from a fibre drop 19 and filters the signal 32 to isolate 
dovwistream (DS) telephony/data signals 35, which fall within a designated optical 
bandwidth. Hie downstream (DS) tele|>hony/data signals are coupled to the downstream 
(DS) optical-electrical converter (OEC) 36, which converts the optical telephony/data 
20 signals into electrical signals fdr use by equipment vidthin die home or office. In addition, 
the baseline splitting-blocking filter combination 32 also receives upstream (US) 
telephony/data signals 33 and passes the upstream (US) signals to the fibre drop 19 for 
transmission to the central office 16 via the fibre optic network 18-23. Tlie upstream (US) 
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telephony/data signals are generated by equipment within the home or office, and converted 
to optical signals by the upstream (US) OEC 34. As noted above, the upstream (US) 
telephony/data signals in a bi-directional system are transmitted at a different bandwidth 
and on the same optic fibre as the downstream (DS) telephony/data signals. 

5 

An upgraded SCM ONT unit 14 is similar to the baseline ONT unit 12, with the inclusion 
of a SCM splitdng-blocking filter combination 40 and a SCM optical-electrical converter 
(OEC) 42. The broadband optical signal 38 from the fibre drop 19 is received by the SCM 
splitting-blocking filter combination 40 which filters the broadband signal 38 to isolate 

10 optical SCM signals 41 and to pass baseline telephony/data signals 44. The isolated SCM 
signals 41 are coupled to the SCM OEC 42, and the isolated baseline telephony/data signals 
44 are coupled to the baseline splitting-blocking filter combination 32. The SCM optical- 
electrical converter 42 converts the optical SCM signals 41 into electrical signals for use by 
video equipment within the home or office. The baseline spUtting-blocking filter 

15 combination 32 filters the baseline telephony/data signals 44 to isolate downstream (DS) 
telephony/data signal 35 which are converted to electrical signals by the downstream (DS). 
OEC 36. In addition, both the baseline splitting-blocking filter combination 32 and tiie 
SCM splitting-blocking filter combination 40 pass upstream (US) telephony/data signals 33 
for transmission to the central office 16 via the optical network 18-23. 

20 

Fig. 2 is a graph illustrating bandwidths for the communication signals transmitted over die 
single fibre passive optical network 10 shown in Fig. 1. As illustrated, an upstream (US) 
telephony/data signal 102, a downstream (DS) telephony/data signal 104 and a SCM signal 
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106 are each transmitted at different wavelengths over the same optic fibre. The upstream 
(US) telq)hcmy/data signal 102 may have a bandwidth of about 1260-1360 nm, the 
downstream (DS) telephony/data signal 104 may have a bandwidth of about 1480-1500 nm, 
and the SCM signal 106 may have a bandwidth of about 1535-1565 nm. Also illustrated in 

5 Fig. 2 are the filter characteristics of the baseline and SCM splitting-blocking filters 32, 40, 
56 in the ONTs 12, 14 and at the central office 16. The baseline splitting-blocking filths 
32, 56 include a band-pass filtraing characteristic (between about 1460 and 1525 nm) that 
isolates or passes downstream (DS) signals, and a low-lass filtering characteristic (below 
about 1430 nm) that isolates or passes upstream (US) signals. The SCM spUtting-blocking 

10 filta- 40 includes a band-pass filtering charact^istic (between about 1510 and 1580 nm) 
that isolates SCM signals. 

As noted above, the passive optical network 10 may be a W-directional system in which 
both upstream and downstream signals are transmitted, at different wavelengths, on Ihe 

15 same optic fibre. The downstream (DS) telephony/data signals 104 and the SCM signals 
106 are multiplexed into broadband signals that are transmitted from the central office 16 to 
both the non-upgraded baseline ONT units 12 and the upgraded SCM ONT units 14. The 
direction of the multiplexed SCM and DS signals 104, 106 in the bi-directional system 10 • 
is illustrated in Fig. 2 by the downward pointing arrows. The upstream (US) 

20 telephony/data signals 102 are transmitted from the ONT units 12, 14 to the central office 
16 over (he same optic fibres as the multiplexed DS and SCM signals 104, 106. The 
direction of the US signals 102 in the bi-directional system 10 is illustrated in Hg. 2 by the 
upward pointing arrow. 
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Referring now to Hg. 3, there is shown a block diagram of a single fibre passive optical 
network (PON) wavelength division multiplex overlay 200 tiiat includes a course 
wavelength division multiplexing (CWDM) T-Band upgrade. This CWDM T-Band 
upgraded PON 200 is similar to the SCM upgraded PON 10 described above with reference 

5 to Figs. 1 and 2, except the CWDM T-Band upgrade 200 also enables T-Band CWDM 
signals to be transmitted on the same optic fibres as die baseline and SCM signals without 
affecting subscribes that have not upgraded to a T-Band upgraded optical network 
termination (ONT) unit 202. TTie CWDM T-Band upgrade may, for example, be added to a 
baseline system or the SCM upgraded PON 10 described above without any substantial 

10 effect to flie existing services. 

The central office 16 in the CWDM T-Band upgraded PON 200 includes the passive cross- 
coimection unit 22, optical video distribution sub-system 25, and baseline optical line 
termination (OLT) units 24, as described above with reference to Fig. 1. In addition, the 
15 central office 16 is upgraded to include a CWDM optical line teraiination (OLT) unit 210 
and an additional WDM multiplexed 214. It should be understood, however, that in other 
embodiments the CWDM upgrade may be added to a baseUne PON that does not include 
an SCM upgrade. 

20 The CWDM OLT unit 210 m the CO 16 receives multimedia transmissions firom a service 
provider and multiplexes the multimedia signals into an optical downstream T-Band signal 
208. A T-Band signal may, for example, be used to provide an upgraded CWDM ONT unit 
202 with a higher data rate link than that available from a baseline service, or for other high 
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bandwidth appUcations. In addition, several different multimedia signals may be 
simultaneously transmitted at difCerMit wavelengths witiiin the multipleaced CWDM T-Baud 
signal 208. For instance, a CWDM service provider may ofia one type of service, such as 
a video or data service, carried over one wavelength in the T-Band signal, and another type 
5 of service, such as voice, simultaneously carried over another wavelength. 

The downstream T-Band signal 208 generated by the CWDM OLT 210 is combined with a 
downstream (DS) baseline signal by the WDM multiplexed 214 to generate a multiplexed 
CWDM/baseline output signal 216. The output signal 216 from the WDM multiplexed 214 

10 is tfien coupled as one of the inputs to a WDM multiplexed 54 in the cross-connection unit 
22, which combines the multiplexed CWDM/baseline signal 216 with a SCM signal from 
the optical video distribution sub-system 25 to genorate the broadband signal transmitted 
over the optical network 12-23. Witii respect to incoming signals from flie ONTs 12, 14, 
202, die additional WDM multiplexed 214 also operates as a de-multiplexed to s^arate 

15 upstream T-Band signals generated at a T-Band upgraded ONT unit 202 from upsti:eam 
(US) baseline signals. The isolated upstiream (US) baseline signals are coupled to the 
baseline OLT 24 and transmitted to the baseline service provider as described above. The 
isolated upsti«am CWDM T-Band signals are coupled to the CWDM OLT 210, which 
separates the T-Band signal into its multimedia components, and transmits tiie signals to 

20 the service provider. 

The T-Band upgraded ONT unit 202 includes a CWDM ONT unit 204, a WDM 
multiplexed (Wl) 206, and dtiier a baseline ONT unit 12 or a SCM upgraded ONT unit 14. 
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In opaation, die T-Band upgraded ONT unit 202 may send and receive T-Band signals 208 
over the fibre optic network 18-23 using the CWDM ONT unit 204, and, depending on the 
additional services purchased, may also receive baseUne telephony/data service and video 
sffvice with an integral baseline or SCM upgraded ONT unit 12, 14. 

5 

The WDM multiplexed (Wl) 206 in the T-Band upgraded ONT unit 202 is coupled to a 
fibre drop 19 in the fibre optic network 18-23, and receives mcoming broadband optical 
signals that may include downstream baseline, SCM, and downstream T-Band signal 
components. With respect to the incoming signals, Wl 206 operates as a de-multiplexed to 

10 separate the downstream T-Band signal componaits from the downstream baseline and 
SCM signal components. The downstream T-Band signals are coupled to the CWDM ONT 
unit 202, and the downstream baseline and SCM signals are coupled to the integral baseline 
or SCM upgraded ONT unit 12, 14. The CWDM ONT unit 202 spUts flie downstream T- 
Band signal 208, and de-multiplexes the CWDM T-Band signal 208 into its multimedia 

15 components. In addition, upstream CWDM T-Band signals 208 generated by the CWDM 
ONT unit 202 are combined with upstream (US) baseline signals by the WDM multiplexed 
(Wl) 206, and are transmitted to the CO 16 via the fibre optic network 18-23. 

Fig. 4 is a graph 300 illustrating bandwidths for the communication signals transmitted 
20 over the single fibre passive optical network 200 shown in Fig. 3. As illustrated, an 
upstream (US) telephony/data signal 102, a downstream (DS) telephony/data signal 104, a 
SCM signal 106, a downstream T-Band signal 302, and an upstream T-Band signal 304 are 
each transmitted at different wavelengths ov« the same optic fibre. As noted above, the 
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upstream (US) telephony/data signal 102 may have a bandwidtii of about 1260-1360 ran, 
±e downstream (DS) telephony/data signal 104 may have a bandwidth of about 1480-1500 
nm, and the SCM signal 106 may have a bandwidth of about 1535-1565 nm. In addition, 
the downstream and upstream T-Band signals 302, 304 may fiU the available bandwidth 
5 (1360-1480 nm) between the US and DS baseline signals 120, 104. The downstream T- 
Band signals 302 may have a bandwidth of about 1360-1430 ran, and the upstream T-Band 
signal 304 may have a bandwidth of about 1430-1480 nm. 

Also aiustrated in Rg. 4 are the filter characteristics of the baseline and SCM spUtting- 
10 blocking filters 32. 40. 56 in the ONTs 12, 14 and at the central office 16, as described 
above. In addition, the direction (i.e., upstream or downstream) of the signals is illustrated 
in Fig. 4 by die direction of the arrows above the bandwidth for the particular signal type. 
Upward-facing arrows represrait upstream signals, and downward-facing arrows represent 
downstream signals. 

15 

Referring to Fig. 5, there is shown a block diagram of an exemplary single fibre passive . , 
optical network wavelength division multiplex overlay 400 that includes a dense 
wavelength division multiplexing (DWDM) L-Band upgrade. This DWDM L-Band 
upgraded PON 400 is similar to the CWDM T-Band upgraded PON 200 described above 
20 with reference to Fig. 3, except the DWDM L-Band upgrade 400 also enables L-Band 
DWDM signals to be transmitted on the same optic fibres as the baseline, SCM, and T- 
Band signals without affecting subscribers that have not upgraded to an L-Band upgraded 
ONT unit 402. 
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The central office (CO) 16 in the DWDM L-Band upgraded PON 400 includes optical 
video distribution sub-system 24, baseline OLT units 24, and CWDM OLT unit 210, as 
described above with reference to Rg. 3. In addition, the CO 16 is upgraded to include a 
5 DWDM OLT unit 410, and the cross-connection unit 22 is upgraded to include an 
additional WDM multiplexed (W2) 414. It should be understood, however, that in other 
embodiments the DWDM L-Band upgrade could be added to a baseUne PON that does not 
include a SCM or CWDM upgrade. 

10 The DWDM OLT unit 410 in the CO 16 receives multimedia transmissions from a service 
provider and multiplexes the multimedia signals into an optical downstream L-Band signal 
408. The DWDM multiplexing scheme employed by the DWDM OLT unit 410 is similar 
to the CWDM multiplexing scheme of the CWDM OLT unit 210, as described above. An 
L-Band DWDM multiplexed, however, combines multiple signals at a higjier frequency 

15 and less sensitive bandwidth than a T-Band CWDM multiplexed, and can, ttierefore, 
combine more signals into a lesser amount of bandwidth. Other advantages of L-Band 
transmission over T-Band transmission are generally known to those skilled in the art of 
passive optical networks. 

20 The downstream L-Band signal 408 generated by tiie DWDM OLT 410 is coupled to an 
input of the additional WDM multiplexed (W2) 414 in the cross-connection unit 22, which 
combines the l^Band signal 408 with a broadband signal generated by one of the other 
WDM multiplexers 54 in the cross-connection unit 22. Witii respect to incoming signals 
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from the ONTs 12, 14, 202, 402. the additional WMD multiplexed (W2) 414 in the cross- 
connection unit 22 operates as a de-multiplexed to separate upstream L-Band signals 408 
generated as an L-Band upgraded ONT unit 402 from other upstream signals. The isolated 
upstream L-Band signals 408 are coupled to the DWDM OLT 410, which separates the L- 
5 Band signal into its multimedia components, and ttansmits the signals to a service provider. 

The L-Band upgraded ONT unit 402 includes a DWDM ONT unit 404, a WDM 
multiplexed (W2) 406, and either a baseline ONT unit 12 or a SCM upgraded ONT unit 14. 
In operation, ti»e L-Band upgraded ONT unit 402 may send and receive L-Band signals 408 
10 over the fibre optic network 18-23 using the DWDM ONT unit 404. and. depending on tiie 
additional services purchased, may also receive baseline telephony/data service and video 
savice with an integral baseUne or SCM upgraded ONT unit 12, 14. 



The WDM multiplexed (W2) 406 in tiie I^Band upgraded ONT unit 402 is coupled to a 
15 fibre drop 19 in tiie fibre optic network 18-23, and recdves incoming broadband optical 
signals that may include downstream baseUne, SCM, downstream T-Band, and downstisam 
L-Band components. With respect to die incoming signals, W2 406 operates as a de- 
multiplexed to separate tiie dovwistream L-Band signal components from otiiar components 
of die incoming broadband signal. The downsti«am I^Band signals 408 are coupled to tiie 
20 DWDM ONT unit 404, and tiie otiier signal con^onents are coupled to tiie integral baseline 
or SCM upgraded ONT unit 12. 14. The DWDM ONT unit 404 spfits tiie downsO^am L- 
Band signal 408, and de-multiplexes tiie L-Band signal 408 into its multimedia 
components. In addition, upstream DWDM L-Band signals 408 generated by tiie DWDM 
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ONT unit 404 are combined with upstream (US) baseline signals by the WDM multiplexed 
(W2) 406, and are transmitted to the CO 16 via die fibre optic network 18-23. 

Fig. 6 is a graph 500 illustrating bandwidths for the communication signals transmitted 
5 over the single fibre passive optical network 400 shown in Fig. 5. As iUustraled, an 
upstream DWDM L-Band signal 502 and a downstream DWDM L-Band signal 504 are 
transmitted over a sin^e optic fibre and at diffwent wavelaigtiis than baseline, SCM, and 
CWDM T-Band signals. As noted above, the upstream (US) telq)hony/data signal 102 
may have a bandwiddi of about 1260-1360 ran. the downstream (DS) telephony/dau signal 
10 104 may have a bandwidth of about 1480-1500 nm, the SCM signal 106 may have a 
bandwidth of about 1535-1565 nm, the downstream T-Band signals 302 may have a 
bandwidth of about 1360-1430 nm, and the upstream T-Band signal 304 may have a 
bandwidth of about 1430-1480 nm. In addition, the DWDM L-Band signals 502, 504 may 
fill the available high-frequency bandwidth (1560-1600 nm) above the SCM signal 106. 
15 The upstream L-Band signal 502 may have a bandwidth of about 1560-1580 nm, and the 
downstream L-Band signal 504 may have a bandwiddi of about 1580-1600 nm. 

Also illustrated in Fig. 5 are the filter characteristics of the basdine and SCM splitting- 
blocking fUters 32, 40, 56 in the ONTs 12, 14 and at die central office 16, as described 
20 above. In addition, the direction (i.e., upstream or downsti»am) of the various signals is 
illustrated in Fig. 5 by the dkection of die anows above die bandwiddi for die particular 
signal type. Upward-facing arrows represent upstream signals, and downward-facing 
arrows rq)resent downstceam signals. 
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This written description uses examples to disclose the invention, including the best mode, 
and also to enable any person skilled in the art to make and use the invention. 
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CLAIMS 

1. A system for upgrading a baseUne passive optical network (PON), comprising: a 
central office having a baseline optical link that receives a baseline communication signal 
from one or more service provider and converts the baseUne communication signal into a 
downstream baseline optical signal within a first optical bandwidth, and having an 
additional optical link that receives a second ^e of communication signal and converts the 
second type of conmmnication signal into a second downstream optical signal within a 
second optical bandwidth, wherein the downstream baseUne optical signal is combined with 
the second downstream optical signal to generate a broadband optical signal; a fibre optic 
network coupled to the central office that receives the broadband optical signal on at least 
one optic fibre and splits the broadband optical signal to a pluraUty of fibre drops; and a 
plurality of optical network termination (ONT) units with each ONT unit coupled to a fibre 
drop, wherein at least one of the ONT units is a baseline ONT unit that receives the 
broadband optical signal from the fibre drop and spUts the downstream baseline optical 
signal from the broadband optical signal, and wherein at least one other of the ONT units is 
an upgraded ONT unit that recdves the broadband optical signal from the fibre drop and 
splits the downstream baseline optical signal and the second downstream optical signal 
from the broadband optical signal; wherein the installation of the upgraded ONT unit to the 
PON does not effect baseline optical sarvice to any other ONT unit 
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2. A system according to claim 1, wherein the central office includes a wavelength 
division multiplexed (WDM) that combines the downstream baseUne optical signal with the 
second downstream optical signal. 

3. A system accordmg to claun 1 or claim 2, wherein the baseline optical link is a 
baseline optical line termination (OUT) unit. 

4. A system according to any preceding claim, wherem the baseline conomunication 
signal includes a telephony signal. 

5. A system according to any preceding claim, wherein the baseline communication 
signal includes a data transmission signal. 

6. A system according to any preceding claim, wherein the second type of 
communication signal is a sub-cairier modulated (SCM) signal. 

7. A system according to claim 6, wherein the SCM signal includes a conamunity 
antenna television (CATV) signal. 

8. A system according to claim 6, wherein the SCM signal includes a durect broadcast 
satellite (DBS) signal. 
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9. A system according to claim 6, wherein the additional optical link is an optical 
video distribution sub-system. 

10. A system according to claim 6, wherein the upgraded ONT unit is a sub-carrier 
modulated (SCM) upgraded ONT unit that includes an SCM optical filter that splits the 
second downstream optical signal from die broadband optical signal and passes a filt^ed 
optical signal and also includes a baseline optical filter that spUts the downstream baseUne 
optical signal from the filtered optical signal. 

11. A system according to claim 9, wherein the optical video distribution sub-system 
comprises an SCM module that receives the SCM signal from one or more service 
providers and converts the SCM signal into the second downstream optical signal. 

12. A system according to any preceding claim, wherein the second downstream optical 
signal is a T-Band signal. ^ 

13. A system according to claim 12, wherein the upgraded ONT unit is a T-Band 
upgraded ONT unit that includes a wave division multiplexed (WDM) that separates the T- 
Band signal from the broadband optical signal. 

14. A system- according to claim 12, wherein the additional optical link is a course 
wavelength division multiplexing (CWDM) optical line termination (OLT) unit 
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15. A system according to claim 14. wherein the upgraded ONT unit is a T-Band 
upgraded ONT unit that includes a wave division multiplexed (WDM) that separates the T- 
Band signal from the broadband optical signal, and wherein the T-Band upgraded ONT unit 
includes a CWDM ONT unit that receives the T-Band signal from the WDM and de- 
multiplexes the T-Band signal. 

16. A system accoitiing to any one of claims 1 to 11, wherein the second downstream 
optical signal is an L-6and signal. 

17. A system according to claim 16, wherein the upgraded ONT unit is an L-Band 
upgraded ONT unit that includes a wave division multiplexed (WDM) that separates the L- 
Band signal from the broadband optical signal. 

18. A system according to claim 16, wherein the additional optical Ihik is a dense 
wavelength division multiplexing (DWDM) optical Ime tennination (OLT) unit. 

19. A system according to claim 18, wherein the upgraded ONT unit is an L-Band 
upgraded ONT unit that includes a wave division multiplesced (WDM) that separates the L- 
Band signal from the broadband optical signal, and wherein the L-Band upgraded ONT unit 
includes a DWDM ONT unit that receives the L-Band signal from the WDM and de- 
multiplexes die L-Band signal. 
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20. A system according to any preceding claim, wherein the fibre optic network is a 
point-to-multipoint network. 

21. A system according to any preceding claim, wherein the central office includes a 
cross-connection unit that couples the broadband optical signal to the fibre optic network. 

22. A system according to claim 21, wherein die cross-connection unit mcludes a 
wavelength division multiplexed (WDM) that combines the downstream baseline optical 
signal with the second downstream optical signal. 

23. A system according to claim 21, wherein the fibre optic network includes at least 
two optic paths between tiie central office each ONT unit, and wherein die cross-connection 
unit includes an optical route protection switch that switchably connects die broadband 
optical signal to one of the optic paths. 

24. A system according to claun 23, wherein the central office includes a route 
protection control circuit that monitors die continuity of the optic paths in die fibre optic 
networic and causes die optical route protection switch to switch the hrqadband optical 
signal from a first optic path to a second optic path if a discontinuity is detected in the first 
optic path. 

25. A system according to claim 1, wherein die ONT units receive an upstream baseline 
signal and convert die upstream baseline signal into an upstream baseline optical signal, 
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wherein the upstream baseline optical signal is transmitted to the central office through the 
fibre optic network and is received by the baseline optical link. 

26. A system according to claim 25, wherein the baseline optical link is a baseline 
optical line termination {OUT) unit that includes a baseline optical filter that splits the 
upstream baseline optical signal and passes the downstream baseline optical signal. 

27. A system according to claim 25, wherein the ONT units include a baseline optical 
filter that splits the downstream baseUne optical signal and passes the upstream baseline 
optical signal. 

28. A system according to claim 25, wherein the upstream baseUne optical signal is 
within a third optic bandwidth, and wherein the upstream baseline optical signal, the 
downstream baseline optical signal and the second downstream optical signal are 
transmitted through the fibre optic network on a single optic fibre. 

29. A system according to claim 25, wherein the upgraded ONT unit receives a second 
upstream signal and converts the second upstream signal into a second upstream optical 
signal, wherein flie second upstream optical' signal is transmitted to the central office 
through the fibre optic network and is received by the additional optical link. 

30. A system according to claim 1, wherein upgraded ONT includes a course 
wavelength division multiplexing (CWDM) ONT unit, and wherein the CWDM ONT unit 
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generates an upstream T-Band optical signal that is transniitted to the central office through 
the fibre optic network and is received by the additional optical link. 

31. A system accoiding to claim 30, wherein the upgraded ONT unit also includes a 
baseline ONT unit and a wavelength division multiplexed (WDM), wherein the baseline 
ONT unit generates an upstream baseline optical signal that is combined with the upstream 
T-Band optical signal by the WDM to generate a broadband upstream signal that is 
transmitted to the central office through the fibre optic network and is de-multiplexed at the 
central office by an additional WDM. 

32. A system according to claim 1, wherein upgraded ONT includes a dense 
wavelength division multiplexing (DWDM) ONT unit, and wherein the DWDM ONT unit 
generates an upstream L-Band optical signal that is transmitted to the central office throu^ 
the fibre optic network and is received by the additional optical link. 

33. A system according to claim 32, wherein the upgraded ONT unit also includes a 
baseline ONT unit and a wavelength division multiplexed (WDM), wherein the baseline 
ONT unit generates an upstream baseline optical signal that is combined with the upstream 
L-Band optical signal by the WDM to generate a broadband upstream signal that is 
transmitted to the central office through the fibre optic network and is de-multiplexed at the 
central office by an additional WDM. 
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34. A method for upgrading a baseline passive optical network (PON), comprising the 
stsps of: providing a baseline optical link in a central office that receives downstream 
baseline communication signals from one or more service provider and converts the 
downstream baseline communication signals into a downstream baseline optical signal; 
installing an additional optical link in the central office that receives an additional type of 
communication signals from one or more service provider and converts the additional type 
of communication signals into an additional downstream optical signal; multiplexing the 
downstream baseline optical signal and the additional downstream optical signal to 
generate a broadband optical signal; transmitting die broadband optical signal over a fibre 
optic network; providing a baselme optical network termination (ONT) unit at a location in 
the PON; receiving the broadband optical signal from the fibre optic network with the 
baseline ONT unit and splitting the downstream baseline optical signal from the broadband 
optical signal; installing an upgraded ONT unit at a location in the PON; and receiving tiie 
broadband optical signal from the fibre optic network with the upgraded ONT unit and 
splitting the additional downstream optical signal and the downstream baseline optical 
signal from the broadband optical signal. 
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